M agnetic fields affect the motion of electrons and the orientation of spins in solids, but are thought to have little impact on crystal structure, particularly in compounds with low magnetic susceptibility, such as antiferromagnets. Here we describe an unexpected magnetic effect on crystal shape, in which the direction of the crystal's axes are swapped and the shape changes when a magnetic field is applied; this in turn induces curious memory effects in resistivity and magnetic susceptibility. Ironically, this phenomenon occurs in one of the most well-studied two-dimensional antiferromagnets 1 , La 2ǁx Sr x CuO 4 . Lightly doped La 2ǁx Sr x CuO 4 (termed LSCO here) --a prototype layered copper oxide that shows high-temperature superconductivity at moderate Sr doping --has a magnetic susceptibility at room temperature that is as small as that of plastic or paper 1, 2 , so the possibility of magnetic-fieldinduced structural changes has never been considered in this otherwise well-studied compound.
We have made X-ray measurements that reveal clear changes in the structure of LSCO crystals exposed to strong magnetic fields at room temperature; the magnetic field is somehow capable of swapping the orientation of the crystallographic a and b axes, causing the sample to shrink by about 1% (representing the difference in the two lattice constants) in one direction and to expand along the other.
This crystallographic rearrangement can be viewed in an optical microscope. When LSCO crystals are cooled through the tetragonal-orthorhombic transition, they usually develop a domain structure (known as 'twins'), where the orthorhombic distortion alters its sign upon crossing the domain boundaries (Fig. 1a) . Clear kinks generated by the domain boundaries appear on the initially flat ac/bc crystal faces 3 and can easily be seen in the microscope.
We have previously succeeded in detwinning LSCO crystals by using uniaxial pressure, controlling the removal of domain boundaries by optical microscopy 2, 3 . We applied the same technique here to demonstrate the remarkable effect induced by a magnetic field: depending on the field direction, new kinks emerge, move or disappear (Fig. 1b-f) as LSCO crystals try to align their b-axis along the magnetic field by generating and/or moving the domain boundaries.
The specimen shown has been completely detwinned (Fig. 1d, f) , as happens after the application of uniaxial pressure, for one of the field directions. For the other field direction, however, perfect alignment is not achieved (Fig. 1c, e) , presumably because of some internal crystal strain. Although the crystal structure exhibits such striking agility under the magnetic field, the detwinned state (Fig. 1d, f) is very stable, with no new domain boundaries appearing after storage for six months at room temperature or after being heated to 100 °C.
Manifestations of the rotation of the crystal axes are not restricted to changes in sample shape: owing to in-plane anisotropy in physical properties 2, 3 , the swapping of crystallographic axes also induces switching and memory effects in resistivity (Fig. 2) and magnetic susceptibility.
The only other compounds known to exhibit a similar phenomenon are the ferromagnetic shape-memory alloys, where the magnetic field acts on the ferromagnetic moment to produce a torque sufficient to swap the crystallographic axes 4 . Such strong magneto-crystal effects are exotic even among ferromagnets, which interact powerfully with the field. Our findings reveal that the crystal structure of the virtually non-magnetic LSCO can also be manipulated by a magnetic field.
Our findings provide visual evidence of a previously undiscovered strong coupling between the magnetic subsystem and the lattice in copper oxides, offering a missing link in our understanding of these compounds. They also expand the general view of how magnetic fields can affect non-ferromagnetic compounds. As these magnetic shapememory effects seem to originate from the crystal's magnetic anisotropy 2 (which is quite widespread in materials), rather than from its strong magnetic moments, they may operate in other antiferromagnetic or paramagnetic compounds as well. 
vatives generates competitive inhibitors of these enzymes 10 . We therefore investigated the inhibition of lethal factor by hydroxylamine derivatives of our peptide substrates in vitro, and found that these hydroxamates give nanomolar inhibition constants; the derivative In-2-LF, with a K i of 1 nM, is the most powerful of these inhibitors.
As anthrax lethal factor acts in the cell cytosol 2, 4 , potential inhibitors must be able to enter cells to be effective. In-1-LF and In-2-LF both include a strongly basic sequence of amino acids with sequences that resemble those of peptides that cross the plasma membrane 11 . We found that these two peptides inhibit lethal factor's cytotoxicity in the macrophage cell lines RAW264.7 and J774.A1, which are commonly used to assay lethal factor, with In-2-LF again being the more effective (Fig. 1a, b) . In-2-LF also inhibits cleavage of MEK-3 (used here as a paradigm of MAPK-kinase cleavage in general; Fig. 1c . Our assay should help to answer the urgent call for new and specific therapies 4 to combat this pathogen after its recent emergence as a terrorist bioweapon.
The clinical presentation and outcome of anthrax in humans depend on the route of entry. Cutaneous anthrax is rarely fatal, whereas systemic anthrax, which follows inhalation of bacterial spores, is more serious. In addition to the metalloprotease lethal factor (LF), the anthrax toxin contains protective antigen, which mediates the entry of LF into macrophages and other cells 1, 5 . Lethal factor is a proteolytic enzyme brief communications is intended to provide a forum for both brief, topical reports of general scientific interest and technical discussion of recently published material of particular interest to non-specialist readers. Priority will be given to contributions that have fewer than 500 words, 10 references and only one figure. Detailed guidelines are available on Nature's website (www.nature.com/nature) or on request from nature@nature.com and which contain one or more types of post-translationally modified tubulin 2 . One of these modifications, detyrosination, accumulates in stable microtubules but does not cause microtubule stabilization [3] [4] [5] [6] [7] . For other tubulin modifications, however, the case is less clear.
Hubbert et al. 1 did not investigate whether changes in tubulin acetylation alter microtubule stability. To test this, we treated wound-edge, serum-starved NIH 3T3 fibroblasts, which have few stable microtubules 6, 8 , with inhibitors of HDAC6 and used resistance to depolymerization by nocodazole and accumulation of detyrosinated tubulin as assays for increased stable microtubules 6, 8 . Cells treated with trichostatin A (TSA), an inhibitor of HDAC6, showed an increase in microtubule acetylation 1 (Fig. 1a, b, insets) , but not in the detyrosination of microtubules compared with untreated cells (Fig. 1a, b ). Cells treated with sodium butyrate, a deacetylase inhibitor that does not affect HDAC6 activity 1 , did not increase either acetylation or detyrosination of microtubules (results not shown).
Serum-starved cells treated with TSA did not contain nocodazole-resistant microtubules either (Fig. 1c) , in contrast to cells treated with a physiological stimulator of stable microtubules, lysophosphatidic acid (LPA) 6, 8 (Fig. 1d) . LPA-treated cells had more acetylated microtubules (results not shown).
These results indicate that increased tubulin acetylation does not increase levels of stable microtubules; rather, microtubules must be stabilized by other mechanisms (such as capping 7 ) and then these stable microtubules accumulate acetylated tubulin, just as they accumulate detyrosinated tubulin. This is consistent with results showing that tubulin acetylation has no effect on microtubule assembly in vitro 9 and that acetylated tubulin is only detectable in long-lived stable microtubules in vivo 10 . Hubbert et al. found that HDAC6 overexpression enhances cell motility 1 . Our results imply that this increase in cell motility is not caused by changes in levels of stable microtubules, but by changes in the acetylation of tubulin (or of an as-yet-unidentified protein). Migrating wound-edge fibroblasts contain stable, post-translationally modified microtubules that are orientated towards the cell's leading edge 2, 6, 8 (Fig. 1d) , and these may direct organelles and other important cellular components to the leading edge.
Detyrosinated tubulin seems to have an enhanced affinity for kinesin in vitro 11 , and could be involved in kinesin-dependent recruitment of intermediate filaments to microtubules 12 and in the recycling of endocytic vesicles 13 . Perhaps acetylation will also turn out to affect the activity of microtubule-associated proteins or motors on microtubules. It has been drawn to our attention that the magnetic shape-memory effects we reported in La 2ǁx Sr x CuO 4 (LSCO) crystals bear similarities to the conventional magnetostriction associated with antiferromagnetic domain structures. Indeed, in the Néel state, static antiferromagnetic domains may generate in LSCO crystals a pattern of structural distortions that can be modified by magnetic fields. However, we find that the magnetic shape memory in LSCO is a distinct phenomenon whereby magnetic fields affect genuine orthorhombic domains in both antiferromagnetic and paramagnetic states of LSCO, regardless of the existence of a magnetic order. This was not made sufficiently clear in our communication. 
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Tubulin acetylation and cell motility
A lthough the protein tubulin is known to undergo several post-translational modifications that accumulate in stable but not dynamic microtubules inside cells, the function of these modifications is unknown. Hubbert et al. 1 have shown that the enzyme HDAC6 (for histone deacetylase 6) reverses the post-translational acetylation of tubulin, and provide evidence that reducing tubulin acetylation enhances cell motility. They also suggest that decreasing tubulin acetylation reduces microtubule stability. However, we find that microtubule stabilization is not promoted by tubulin acetylation. We conclude that the alteration in cell motility observed by Hubbert et al. in cells overexpressing HDAC6 results not from changes in the formation of stable microtubules, but from alterations in the degree of tubulin acetylation.
Most mammalian cells possess two subsets of microtubules: dynamic microtubules with a half-life of 5-10 min, and stable microtubules that have a half-life of hours, brief communications Arrows show stable, modified microtubules orientated towards the leading edge. Scale bars, 15 Ȗm.
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